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METHOD AND APPARATUS FOR
TRANSMITTING CONTROL INFORMATION
IN WIRELESS COMMUNICATION SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is the National Stage filing under 35
U.S.C. 371 of International Application No. PCT/KR2013/
000308, filed on Jan. 15, 2013, which claims the benefit of
earlier filing date and right of priority to Korean Application
No. 10-2013-0004625, filed on Jan. 15, 2013, and also claims
the benefit of U.S. Provisional Application Serial Nos.
61/586,827, filed on Jan. 15, 2012, 61/591,275, filed on Jan.
27,2012, 61/596,206, filed on Feb. 7, 2012, 61/678,594, filed
onAug. 1, 2012, 61/693,339, filed on Aug. 27,2012, 61/721,
510, filed on Nov. 2, 2012 and 61/722,136, filed on Nov. 3,
2012, the contents of which are all incorporated by reference
herein in their entirety.

TECHNICAL FIELD

The present invention relates to a wireless communication
system and, more particularly, to a method and apparatus for
transmitting control information in a carrier aggregation
(CA)-based wireless communication system.

BACKGROUND ART

Wireless communication systems have been widely
deployed to provide various types of communication services
such as voice or data services. In general, a wireless commu-
nication system is a multiple access system capable of sup-
porting communication with multiple users by sharing avail-
able system resources (bandwidth, transmit power, etc.).
Multiple access systems include, for example, a code division
multiple access (CDMA) system, frequency division multiple
access (FDMA) system, time division multiple access
(TDMA) system, orthogonal frequency division multiple
access (OFDMA) system, and single-carrier frequency divi-
sion multiple access (SC-FDMA) system.

DISCLOSURE
Technical Problem

An object of the present invention devised to solve the
problem lies in a method and apparatus for transmitting con-
trol information in a carrier aggregation (CA)-based wireless
communication system. Another object of the present inven-
tion devised to solve the problem lies in a method and appa-
ratus for efficiently transmitting and receiving acknowledge-
ment information on a downlink/uplink (DL/UL) signal.

It is to be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

Technical Solution

The object of the present invention can be achieved by
providing a method for transmitting control information by a
user equipment (UE) in a carrier aggregation (CA)-based
wireless communication system, the method including con-
figuring a first cell and a second cell having different sub-
frame configurations, wherein the second cell is set to one of
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2

uplink-downlink (UL-DL) configurations #0 to #6, receiving
a DL downlink control information (DCI) format including a
downlink assignment index (DAI) field, for the second cell,
and transmitting hybrid automatic repeat request (HARQ)-
acknowledgement (ACK) information related to the DL DCI
format, wherein, for HARQ-ACK timing, if a reference UL-
DL configuration applied to the second cell is one of UL-DL
configurations #1 to #6, the DAI field is used in a procedure
for transmitting the HARQ-ACK information, wherein, for
HARQ-ACK timing, if a reference UL-DL configuration
applied to the second cell is UL-DL configuration #0, the DAI
field is not used in a procedure for transmitting the HARQ-
ACK information, and wherein subframe configurations
according to the UL-DL configurations are given as shown in
the following table.

UL-DL Subframe Number

=3
—
S}
w
N
w
=N
-~
0
o

Configuration

AW~ O
viviviviviviw)
mmmmmnnn
cccoccaccacc
acoccuoac
cououcouocd
viviviviviviw)
[ZRvAvAwRSRLRS]
acoouocac
cooogogcca
[vAvAvivivivie)

In the above table, D denotes a DL subframe, U denotes a
UL subframe, and S denotes a special subframe.

In another aspect of the present invention, provided herein
is a user equipment (UE) used in a carrier aggregation (CA)-
based wireless communication system, the UE including a
radio frequency (RF) unit, and a processor, wherein the pro-
cessor configures a first cell and a second cell having different
subframe configurations, wherein the second cell is set to one
of uplink-downlink (UL-DL) configurations #0 to #6,
receives a DL downlink control information (DCI) format
including a downlink assignment index (DAI) field, for the
second cell, and transmits hybrid automatic repeat request
(HARQ)-acknowledgement (ACK) information related to
the DL DCI format, wherein, for HARQ-ACK timing, if a
reference UL-DL configuration applied to the second cell is
one of UL-DL configurations #1 to #6, the DAI field is used
in a procedure for transmitting the HARQ-ACK information,
wherein, for HARQ-ACK timing, if a reference UL-DL con-
figuration applied to the second cell is UL-DL configuration
#0,the DAI field is not used in a procedure for transmitting the
HARQ-ACK information, and wherein subframe configura-
tions according to the UL-DL configurations are given as
shown in the following table.

UL-DL Subframe Number

=3
—
S}
w
N
w
=N
-~
0
o

Configuration

[ R R S
viviviviviviv}
mummmmnn
cccccada
couccuouca
couocouocac
viviviviviviv}
n OO0 wnunn
covouocca
couooogca
goououood

In the above table, D denotes a DL subframe, U denotes a
UL subframe, and S denotes a special subframe.

The first cell may be set to UL-DL configuration #0, and
the second cell may be set to one of UL-DL configurations #1
to #6.
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The first cell may be a primary cell (PCell), and the second
cell may be a secondary cell (SCell).

The DL DCI format may further include a carrier indicator
field (CIF).

The DL DCI format may include DCI format 1, 1A, 1B,
1C, 1D, 2, 2A, 2B, 2C, or 2D.

The HARQ-ACK information may include at least one of
acknowledgement information about a physical downlink
shared channel (PDSCH) signal indicated by the DL DCI
format, and acknowledgement information about a physical
downlink control channel (PDCCH) signal including the DL
DCI format and indicating semi-persistent scheduling (SPS)
release.

In another aspect of the present invention, provided herein
is a method for transmitting control information by a user
equipment (UE) in a carrier aggregation (CA)-based wireless
communication system, the method including configuring a
first cell and a second cell having different subframe configu-
rations, wherein the second cell is set to one of uplink-down-
link (UL-DL) configurations #1 to #6, receiving a DL, down-
link control information (DCI) format including a downlink
assignment index (DAI) field, for the second cell, and trans-
mitting hybrid automatic repeat request (HARQ)-acknowl-
edgement (ACK) information related to the DL DCI format,
wherein, for HARQ-ACK timing, if a reference UL-DL con-
figuration applied to the second cell is UL-DL configuration
#0,the DAI field is not used in a procedure for transmitting the
HARQ-ACK information, and wherein subframe configura-
tions according to the UL-DL configurations are given as
shown in the following table.

UL-DL Subframe Number

S}
w
N
w
=N
-~
0
o

Configuration 0 1

N Bk W N = O
vAviivEvEvilvilv}
mwmmwmwm o owm
cccacaccac
cuccuouca
[elviivelivie e
vAviivEvEvilvilv}
n OO 0wuunwn
coouocca
[elviiviiviiveNe
ivBlvElvEvivilvNe

In the above table, D denotes a DL subframe, U denotes a
UL subframe, and S denotes a special subframe.

In another aspect of the present invention, provided herein
is a user equipment (UE) used in a carrier aggregation (CA)-
based wireless communication system, the UE including a
radio frequency (RF) unit, and a processor, wherein the pro-
cessor configures a first cell and a second cell having different
subframe configurations, wherein the second cell is set to one
of uplink-downlink (UL-DL) configurations #1 to #6,
receives a DL downlink control information (DCI) format
including a downlink assignment index (DAI) field, for the
second cell, and transmits hybrid automatic repeat request
(HARQ)-acknowledgement (ACK) information related to
the DL DCI format, wherein, for HARQ-ACK timing, if a
reference UL-DL configuration applied to the second cell is
UL-DL configuration #0, the DAI field is not used in a pro-
cedure for transmitting the HARQ-ACK information, and
wherein subframe configurations according to the UL-DL
configurations are given as shown in the following table.
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UL-DL Subframe Number

=3
—
S}
w
N
w
=N
-~
0
o

Configuration

W= O
gooooouo
mmmmmnn
cccccada
acoaccuouca
couocouocac
gooooouo
nOOOwnunn
coouocca
couoogogca
vAvAvivivivle

In the above table, D denotes a DL subframe, U denotes a
UL subframe, and S denotes a special subframe.

The first cell may be set to UL-DL configuration #0.

The first cell may be a primary cell (PCell), and the second
cell may be a secondary cell (SCell).

The DL DCI format may further include a carrier indicator
field (CIF).

The DL DCI format may include DCI format 1, 1A, 1B,
1C, 1D, 2, 2A, 2B, 2C, or 2D.

The HARQ-ACK information may include at least one of
acknowledgement information about a physical downlink
shared channel (PDSCH) signal indicated by the DL. DCI
format, and acknowledgement information about a physical
downlink control channel (PDCCH) signal including the DL
DCI format and indicating semi-persistent scheduling (SPS)
release.

Advantageous Effects

According to the present invention, control information
may be efficiently transmitted in a carrier aggregation (CA)-
based wireless communication system. In addition, acknowl-
edgement information on a downlink/uplink (DL/UL) signal
may be efficiently transmitted and received.

It will be appreciated by persons skilled in the art that that
the effects that could be achieved with the present invention
are not limited to what has been particularly described here-
inabove and other advantages of the present invention will be
more clearly understood from the following detailed descrip-
tion taken in conjunction with the accompanying drawings.

DESCRIPTION OF DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principle of the invention. In the
drawings:

FIG. 1illustrates a carrier aggregation (CA)-based wireless
communication system;

FIG. 2 illustrates the structure of a radio frame;

FIG. 3 illustrates a resource grid of a downlink (DL) slot;

FIG. 4 illustrates the structure of a DL subframe;

FIG. 5 illustrates a scheduling method when a plurality of
cells are configured;

FIG. 6 illustrates the structure of an uplink (UL) subframe;

FIG. 7 illustrates the structures of physical uplink control
channel (PUCCH) formats 1a and 1b in a slot level;

FIG. 8 illustrates the structure of PUCCH format 3 in a slot
level,

FIG. 9 illustrates a method for transmitting uplink control
information (UCI) on a physical uplink shared channel
(PUSCH);

FIGS. 10 and 11 illustrate UL acknowledgement (ACK)/
negative acknowledgement (NACK) timing of a time division
duplex (TDD)-configured cell;
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FIGS. 12 to 15 illustrate UL grant/physical hybrid auto-
matic repeat request (HARQ) indicator channel (PHICH)
transmission timing of a TDD-configured cell;

FIG. 16 illustrates an ACK/NACK transmission procedure
using a downlink assignment index (DAI);

FIG. 17 illustrates the structure of half duplex (HD)-TDD
CA,;

FIG. 18 illustrates the structure of full duplex (FD)-TDD
CA,;

FIG. 19 illustrates a control information transmission pro-
cedure according to an embodiment of the present invention;

FIG. 20 illustrates a UL signal transmission procedure
according to an embodiment of the present invention; and

FIG. 21 illustrates a base station (BS) and a user equipment
(UE) applicable to an embodiment of the present invention.

BEST MODE

Techniques described herein may be used in a variety of
wireless access systems such as Code Division Multiple
Access (CDMA), Frequency Division Multiple Access
(FDMA), Time Division Multiple Access (IDMA), Orthogo-
nal Frequency Division Multiple Access (OFDMA), Single
Carrier Frequency Division Multiple Access (SC-FDMA),
etc. CDMA may be implemented as a radio technology such
as Universal Terrestrial Radio Access (UTRA) or
CDMA2000. TDMA may be implemented as a radio tech-
nology such as Global System for Mobile communications
(GSM)/General Packet Radio Service (GPRS)/Enhanced
Data Rates for GSM Evolution (EDGE). OFDMA may be
implemented as a radio technology such as IEEE 802.11
(Wi-Fi), IEEE 802.16 (WiMAX), IEEE 802.20, Evolved-
UTRA (E-UTRA) etc. UTRA is a part of Universal Mobile
Telecommunications System (UMTS). 3rd Generation Part-
nership Project (3GPP) Long Term Evolution (LTE) is a part
of Evolved UMTS (E-UMTS) using E-UTRA. LTE-Ad-
vanced (LTE-A) is an evolution of 3GPP LTE.

For clarity, the following description focuses on 3GPP
LTE/LTE-A. However, technical features of the present
invention are not limited thereto. It should be noted that
specific terms used herein are provided for better understand-
ing of the present invention, and the use of these specific
terms may be changed to other formats within the technical
scope or spirit of the present invention.

In a wireless communication system, a user equipment
(UE) receives downlink (DL) information from a base station
(BS), and transmits uplink (UL) information to the BS. In
LTE(-A), DL transmission is performed using OFDMA, and
UL transmission is performed using SC-FDMA.

The terms used in the specification will now be described.

HARQ-ACK (hybrid automatic repeat request acknowl-

edgement): this represents an acknowledgement
response, i.e., an acknowledgement (ACK)/negative
acknowledgement (NACK)/discontinuous transmission
(DTX) response (simply, ACK/NACK (response), A/N
(response)), to downlink transmission (e.g. physical
downlink shared channel (PDSCH) or semi-persistent
scheduling release physical downlink control channel
(SPS release PDCCH)). The ACK/NACK response
refers to ACK, NACK, DTX, or NACK/DTX. A HARQ-
ACK regarding a component carrier (CC) (or cell) or a
HARQ-ACK of'a CC refers to an ACK/NACK response
to downlink transmission related to (e.g. scheduled for)
the CC. A PDSCH can be replaced by a transport block
(TB) or a codeword.
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PDSCH: this includes a PDSCH corresponding to a DL
grant PDCCH, and a semi-persistent scheduling (SPS)
PDSCH.

SPS PDSCH: this is a PDSCH transmitted in DL using
resources semi-statically configured according to SPS.
The SPS PDSCH has no DL grant PDCCH correspond-
ing thereto. The SPS PDSCH is used interchangeably
with a PDSCH w/o PDCCH.

SPS release PDCCH: this refers to a PDCCH indicating
SPS release. A UE feeds back ACK/NACK information
about an SPS release PDCCH.

DAI (downlink assignment index): this is included in
downlink control information (DCI) transmitted on a
PDCCH. The DAI can indicate an order value or counter
value of a PDCCH. A value indicated by a DAI field of
a DL grant PDCCH is called a DL DAI (VP simply
V), and a value indicated by a DAI field of a UL grant
PDCCH is called a UL DAI (VY% ,,, WY, ., simply
W) for convenience.

PCC (primary component carrier) PDCCH: this indicates a
PDCCH that schedules a PCC. That is, the PCC PDCCH
represents a PDCCH corresponding to a PDSCH on the
PCC. The PCC PDCCH is transmitted only on the PCC
on the assumption that cross-carrier scheduling is not
permitted for the PCC. The term PCC is used inter-
changeably with PCell (primary cell).

SCC (secondary component carrier) PDCCH: this indi-
cates a PDCCH that schedules an SCC. That is, the SCC
PDCCH represents a PDCCH corresponding to a
PDSCH on the SCC. The SCC PDCCH can be transmit-
ted on a CC (e.g. PCC) other than the SCC when cross-
carrier scheduling is permitted for the SCC. The SCC
PDCCH is transmitted only on the SCC when cross-
carrier scheduling is not permitted for the SCC. The term
SCC is used interchangeably with SCell (secondary
cell).

Cross-carrier scheduling: this refers to an operation of
transmitting a PDCCH that schedules an SCC through a
CC (e.g. PCC) other than the SCC. All PDCCHs are
scheduled/transmitted only through a PCC when only
the PCC and one SCC are present.

Non-cross-carrier scheduling: this refers to an operation of
scheduling/transmitting a PDCCH that schedules each
CC through the corresponding CC.

FIG. 1illustrates a carrier aggregation (CA)-based wireless
communication system. Although an LTE system supports a
single DL/UL frequency block only, to use a wider frequency
band, the LTE-A system employs CA technology for aggre-
gating a plurality of UL/DL frequency blocks to obtain a
wider UL/DL bandwidth. Each frequency block is transmit-
ted using a component carrier (CC). The CC can be regarded
as a carrier frequency (or center carrier, center frequency) for
the frequency block.

Referring to FIG. 1, a plurality of UL/DL CCs can be
aggregated to support a wider UL/DL bandwidth. The CCs
may be contiguous or non-contiguous in the frequency
domain. Bandwidths of the CCs may be determined indepen-
dently. Asymmetrical CA in which the number of UL CCs is
different from the number of DL CCs is also possible. For
example, when there are two DL CCs and one UL CC, the DL,
CCs may correspond to the UL CC at a ratio of 2:1. DL
CC/UL CC links may be fixed or semi-statically configured in
the system. Although the system bandwidth is configured
with N CCs, a frequency band usable by a specific UE may be
restricted to L. (<N) CCs. Various parameters about CA may
be set cell-specifically, UE-group-specifically, or UE-specifi-
cally. Control information may be transmitted and received
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only in a specific CC. This specific CC may be referred to as
a primary CC (PCC) (or anchor CC) and other CCs may be
referred to as secondary CCs (SCCs).

In LTE(-A), the concept of a cell is used to manage radio
resources. A cell is defined as a combination of DL resources
and UL resources, and the UL resources are not mandatory.
Accordingly, a cell may be configured with DL resources
only or both DL resources and UL resources. When CA is
supported, the linkage between carrier frequencies of DL
resources (or DL CCs) and carrier frequencies of UL
resources (or UL CCs) may be indicated by system informa-
tion. A cell operating in primary frequency resources (or a
PCC) may be referred to as a primary cell (PCell) and a cell
operating in secondary frequency resources (or an SCC) may
be referred to as a secondary cell (SCell). The PCell is used in
an initial connection establishment or connection re-estab-
lishment procedure of a UE. The PCell may refer to a cell
indicated during handover. The SCell may be configured after
aradio resource control (RRC) connection is established, and
used to provide additional radio resources. The PCell and
SCell may be collectively referred to as serving cells. Accord-
ingly, only a single serving cell composed of a PCell exists for
aUE in RRC_CONNECTED state, for which CA is not set or
which does not support CA. On the other hand, a plurality of
serving cells including a PCell and one or more SCells may be
configured for a UE in RRC_CONNECTED state, for which
CA is set.

Unless separately mentioned, the following description
may be applied to each of a plurality of aggregated CCs (or
cells). In addition, a CC in the following description may be
replaced with a serving CC, serving carrier, cell, serving cell,
etc.

FIG. 2 illustrates the structure of a radio frame.

FIG. 2(a) illustrates the structure of a type-1 radio frame
for frequency division duplex (FDD). A radio frame includes
a plurality of (e.g., 10) subframes, and each subframe
includes a plurality of (e.g., 2) slots in the time domain. Each
subframe may have a length of 1 ms and each slot may have
a length of 0.5 ms. A slot includes a plurality of OFDM/SC-
FDMA symbols in the time domain and includes a plurality of
resource blocks (RBs) in the frequency domain.

FIG. 2(b) illustrates the structure of a type-2 radio frame
for time division duplex (TDD). The type-2 radio frame
includes 2 half frames, and each half frame includes 5 sub-
frames. One subframe includes 2 slots.

Table 1 shows uplink-downlink configurations (UL-DL
Cfgs) of subframes in a radio frame in a TDD mode.

TABLE 1

Downlink-
to-Uplink
Uplink- Switch-
downlink point Subframe number
configuration periodicity 0 1 2 3 4 5 6 7 8 9
0 5 ms D § U U U D S U U U
1 5 ms D § U U D D S U U D
2 5 ms D § U D D D S U D D
3 10 ms D § U U U D D D D D
4 10 ms D § U U D D D D D D
5 10 ms D § U D D D D D D D
6 5 ms D § U U U D S U U D

In Table 1, D denotes a DL subframe, U denotes a UL
subframe, and S denotes a special subframe. The special
subframe includes a downlink pilot time slot (DWPTS), a
guard period (GP), and an uplink pilot time slot (UpPTS). The
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DwPTS is a time period reserved for downlink transmission
and the UpPTS is a time period reserved for uplink transmis-
sion.

FIG. 3 illustrates a resource grid of a DL slot.

Referring to FIG. 3, a DL slot includes a plurality of
OFDMA (or OFDM) symbols in the time domain. One DL
slot may include 7(6) OFDMA symbols, and one resource
block (RB) may include 12 subcarriers in the frequency
domain. Each element on the resource grid is referred to as a
resource element (RE). One RB includes 12x7(6) REs. The
number N*? of RBs included in the DL slot depends on a
downlink transmit bandwidth. The structure of a UL slot may
be same as that of the DL slot except that OFDMA symbols
are replaced by SC-FDMA symbols.

FIG. 4 illustrates the structure of a DL subframe.

Referring to FIG. 4, up to 3(4) OFDMA symbols located in
a front portion of a first slot within a subframe correspond to
a control region to which a control channel is allocated. The
remaining OFDMA symbols correspond to a data region to
which a physical downlink shared chancel (PDSCH) is allo-
cated. Examples of downlink control channels include a
physical control format indicator channel (PCFICH), a physi-
cal downlink control channel (PDCCH), a physical HARQ
indicator channel (PHICH), etc. The PCFICH is transmitted
ata first OFDM symbol of a subframe and carries information
regarding the number of OFDMA symbols used for transmis-
sion of control channels within the subframe. The PHICH is
a response to uplink transmission and carries a HARQ
acknowledgement  (ACK)/negative  acknowledgement
(NACK) signal.

A PDCCH may carry a transmission format and resource
allocation information of a downlink shared channel (DL-
SCH), a transmission format and resource allocation infor-
mation of an uplink shared channel (UL-SCH), paging infor-
mation on a paging channel (PCH), system information on the
DL-SCH, resource allocation information of an upper-layer
control message such as a random access response transmit-
ted on the PDSCH, a set of Tx power control commands on
individual UEs within an arbitrary UE group, a Tx power
control command, information on activation of a voice over
1P (VoIP), etc.

Downlink control information (DCI) is transmitted on a
PDCCH. DCI formats 0/4 (hereinafter referred to as UL DCI
formats) is defined for UL scheduling (or UL grant), and DCI
format 1/1A/1B/1C/1D/2/2A/2B/2C (hereinafter referred to
as DL DCI format) is defined for DL scheduling. The DCI
format selectively includes information such as hopping flag,
RB allocation information, modulation coding scheme
(MCS), redundancy version (RV), new data indicator (NDI),
transmit power control (TPC), demodulation reference signal
(DMRS) cyclic shift, depending on its use.

A plurality of PDCCHs may be transmitted within a con-
trol region. A UE may monitor the PDCCHs in every sub-
frame to check a PDCCH designated to the UE. The PDCCH
is transmitted on an aggregation of one or several consecutive
control channel elements (CCEs). The CCE is a logical allo-
cation unit used to provide the PDCCH with a coding rate
based on a state of a radio channel. The CCE corresponds to
a plurality of resource element groups (REGs). A PDCCH
coding rate may be controlled according to the number of
CCEs (i.e., CCE aggregation level) used for PDCCH trans-
mission. The CCE includes a plurality of resource element
groups (REGs). A format of the PDCCH and the number of
PDCCH bits are determined according to the number of
CCEs. A BS determines a PDCCH format according to DCI
to be transmitted to the UE, and attaches a cyclic redundancy
check (CRC) to control information. The CRC is masked with
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anidentifier (e.g., radio network temporary identifier (RNTT))
according to an owner or usage of the PDCCH. If the PDCCH
is for a specific UE, an identifier (e.g., cell-RNTI (C-RNTT))
of the UE may be masked to the CRC. Alternatively, if the
PDCCH is for a paging message, a paging identifier (e.g.,
paging-RNTI (P-RNTI)) may be masked to the CRC. If the
PDCCH is for system information (more specifically, a sys-
tem information block (SIB)), a system information RNTI
(SI-RNTI) may be masked to the CRC. When the PDCCH is
for a random access response, a random access-RNTT (RA-
RNTI) may be masked to the CRC.

Then, a description is now given of scheduling when a
plurality of CCs (or cells) are configured. If a plurality of CCs
are configured, cross-carrier scheduling scheme and non-
cross-carrier scheduling (or self scheduling) scheme may be
used. The non-cross-carrier scheduling (or self scheduling)
scheme is the same as the legacy LTE scheduling scheme.

If cross-carrier scheduling is configured, a DL grant
PDCCH may be transmitted in DL CC#0, and a correspond-
ing PDSCH may be transmitted in DL CC#2. Likewise, a UL
grant PDCCH may be transmitted in DI, CC#0, and a corre-
sponding physical uplink shared channel (PUSCH) may be
transmitted in UL CC#4. For cross-carrier scheduling, a car-
rier indicator field (CIF) is used. Whether a CIF is present in
a PDCCH may be determined through higher layer signaling
(e.g., RRC signaling) using semi-static and UE-specific (or
UE-group-specific) schemes.

Scheduling according to whether a CIF is set may be
defined as described below.

CIF disabled: A PDCCH in a DL CC allocates PDSCH
resources in the same DL CC or allocates PUSCH
resources in one linked UL CC.

CIF enabled: A PDCCH in a DL. CC may allocate PDSCH
or PUSCH resources in a specific DL/UL CC among a
plurality of aggregated DL/UL CCs, using a CIF.

When a CIF is present, a BS may allocate one or more
PDCCH monitoring DL CCs (hereinafter referred to as moni-
toring CCs (MCCs)) to a UE. The UE may detect/decode a
PDCCH in the MCCs. That is, if the BS schedules a PDSCH/
PUSCH to the UE, a PDCCH is transmitted only in the
MCCs. The MCCs may be set using UE-specific, UE-group-
specific, or cell-specific scheme. The MCCs include a PCC.

FIG. 5 illustrates cross-carrier scheduling. Although DL
scheduling is illustrated in FIG. 5, the illustrated scheme is
equally applied to UL scheduling.

Referring to FIG. 5, 3 DL CCs may be configured for a UE,
and DL CC A may be set as a PDCCH monitoring DL, CC
(i.e., MCC). If a CIF is disabled, each DL, CC may transmit a
PDCCH for scheduling its PDSCH without the CIF according
to the LTE PDCCH rules. On the other hand, if a CIF is
enabled, DL CC A (i.e., MCC) may transmit not only a
PDCCH for scheduling its PDSCH but also PDCCHs for
scheduling PDSCHs of other CCs, using the CIF. In this
example, DL CC B/C transmits no PDCCH.

FIG. 6 illustrates the structure of a UL subframe.

Referring to FIG. 6, a UL subframe includes a plurality of
(e.g. 2) slots. A slot may include different numbers of SC-
FDMA symbols according to a CP length. The UL subframe
is divided into a control region and data region in the fre-
quency domain. The data region is allocated with a PUSCH
and used to carry a data signal such as audio data. The control
region is allocated a physical uplink control channel
(PUCCH) and used to carry uplink control information
(UCI). The PUCCH includes an RB pair located at both ends
of the data region in the frequency domain and hopped in a
slot boundary.
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The PUCCH can be used to transmit the following control

information.

SR (scheduling request): This is information used to
request UL-SCH resources and is transmitted using on-
off keying (OOK) scheme.

HARQ-ACK: This is aresponse signal to a downlink signal
(e.g., PDSCH, SPS release PDCCH). For example, 1-bit
ACK/NACK is transmitted as a response to one DL
codeword and 2-bit ACK/NACK is transmitted as a
response to two DL codewords.

CSI (Channel Status Information): This is feedback infor-
mation on a DL channel and includes channel quality
information (CQI), rank indicator (RI), precoding
matrix indicator (PMI), precoding type indicator (PTI),
etc.

Table 2 shows the mapping relationship between a PUCCH

format and UCI in LTE(-A).

TABLE 2
PUCCH Format  Uplink Control Information (UCI)
Format 1 SR (scheduling request) (unmodulated waveform)
Format la 1-bit HARQ-ACK/NACK (with/without SR)
Format 1b 2-bit HARQ-ACK/NACK (with/without SR)
Format 2 CSI (20 coded bits)
Format 2 CSI and 1-bit or 2-bit HARQ-ACK/NACK (20 bits)
(for extended CP only)
Format 2a CSI and 1-bit HARQ-ACK/NACK (20 + 1 coded bits)
Format 2b CSI and 2-bit HARQ-ACK/NACK (20 + 2 coded bits)
Format 3 Up to 24 bits of HARQ-ACK/NACK + SR
(LTE-A)

FIG. 7 illustrates the structures of PUCCH formats 1a and
1b in a slot level. In PUCCH formats 1a and 1b, the same
control information is repeated on a slot basis in a subframe.
Each UE transmits an ACK/NACK signal in different
resources configured by a different cyclic shift (CS) (fre-
quency-domain code) and a different orthogonal cover code
(OCC) (time-domain spreading code) of a computer-gener-
ated constant amplitude zero auto correlation (CG-CAZAC)
sequence. An OCC includes a Walsh/DFT orthogonal code. If
the number of CSs is 6 and the number of OCs is 3, ACK/
NACK signals of 18 UEs may be multiplexed into the same
physical resource block (PRB).

FIG. 8 illustrates the structure of PUCCH format 3 in a slot
level. PUCCH format 3 is used to transmit a plurality of
pieces of ACK/NACK information, and information such as
an SR may be transmitted together.

Referring to FIG. 8, one symbol sequence is transmitted
over the frequency domain, and OCC-based time-domain
spreading is applied to the symbol sequence. Control signals
of a plurality of UEs may be multiplexed into the same RB
using OCCs. Specifically, 5 SC-FDMA symbols (i.e. a UCI
data part) are generated from one symbol sequence
{d1, 42, . . . } using a length-5 OCC. Here, the symbol
sequence {d1,d2, ...} may be a modulation symbol sequence
or a codeword bit sequence. The symbol sequence
{d1, d2, . .. } may be generated by performing joint coding
(e.g., Reed-Muller coding, tail-biting convolutional coding,
etc.), block-spreading, and SC-FDMA modulation on a plu-
rality of pieces of ACK/NACK information.

FIG. 9 illustrates a method for transmitting UCI on a
PUSCH. A subframe which requires UCI transmission has
PUSCH assignment, UCI may be transmitted on a PUSCH
(PUSCH piggyback). Specifically, an ACK/NACK is punc-
tured into a part of resources of SC-FDMA to which UL-SCH
data is mapped. The ACK/NACK is located adjacent to a
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reference signal (RS). The UCI may be scheduled to be trans-
mitted on the PUSCH without UL-SCH data.

A description is now given of an ACK/NACK transmission
procedure in a TDD-configured CC (or cell) and a signal
transmission timing thereof with reference to FIGS. 10 to 15.

FIGS. 10 and 11 illustrate ACK/NACK (A/N) timing (or
HARQ timing).

Referring to FIG. 10, a UE may receive one or more
PDSCH signals in M DL subframes (SFs) (S502_0 to
S502_M-1) (M=1). Each PDSCH signal may include one or
more (e.g., 2) transport blocks (TBs) according to a transmis-
sion mode. Although not shown in FIG. 10, a PDCCH signal
indicating SPS release may also be received in steps S502_0
to S502_M-1. When a PDSCH signal and/or SPS release
PDCCH signal are present in the M DL subframes, the UE
transmits an ACK/NACK in one UL subframe corresponding
to the M DL subframes through a procedure for ACK/NACK
transmission (e.g. ACK/NACK (payload) generation, ACK/
NACK resource allocation, etc.) (S504). The ACK/NACK
includes acknowledgement information on the PDSCH sig-
nal and/or SPS release PDCCH signal of steps S502_0 to
S502_M-1.

Although the ACK/NACK is basically transmitted on a
PUCCH, if there is PUSCH transmission at ACK/NACK
transmission timing, the ACK/NACK is transmitted on a
PUSCH. If a plurality of CCs are configured for the UE, the
PUCCH is transmitted only in a PCC, and the PUSCH is
transmitted in a scheduled CC. A variety of PUCCH formats
shown in Table 2 may be used for ACK/NACK transmission.
Furthermore, a variety of schemes such as ACK/NACK bun-
dling, ACK/NACK channel selection, etc. may be used to
reduce the number of ACK/NACK bits to be transmitted in the
PUCCH format.

Asdescribed above, in TDD, an ACK/NACK of DL signals
received in M DL subframes is transmitted in one UL sub-
frame (i.e., M DL SF(s):1 UL SF), and the relationship ther-
ebetween is given by a downlink association set index
(DASI).

Table 3 shows a DASI (K: {kg, ky, . . ., Ky, }) defined for
LTE(-A). Table 3 shows the interval between a UL subframe
for transmitting an ACK/NACK, and a DL subframe associ-
ated with the UL subframe. Specifically, if a PDCCH indicat-
ing PDSCH transmission and/or SPS release is present in
subframe n-k (keK), a UE transmits an ACK/NACK in sub-
frame n.
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NACK of SF#5/SF#6 is transmitted in SF#12. Likewise, an
ACK/NACK of a PDSCH of SF#14 is transmitted in
SF#14+4 (=SF#18).

FIGS. 12 and 13 illustrate UL grant (UG)/PHICH-PUSCH
timing. A PUSCH may be transmitted in response to a
PDCCH (UL grant) and/or PHICH (NACK).

Referring to FIG. 12, a UE may receive a PDCCH (UL
grant) and/or PHICH (NACK) (S702). Here, the NACK cor-
responds to an ACK/NACK response to previous PUSCH
transmission. In this case, the UE may initially transmit or
retransmit one or more TBs on a PUSCH after k subframes
through a procedure for PUSCH transmission (e.g., TB cod-
ing, TB-CW swapping, PUSCH resource allocation, etc.)
(S704). This example assumes a normal HARQ operation in
which a PUSCH is transmitted once. In this case, a PHICH/
UL grant corresponding to PUSCH transmission is present in
the same subframe. However, in subframe bundling in which
a PUSCH is transmitted a plurality of times in a plurality of
subframes, a UL grant/PHICH corresponding to PUSCH
transmission may be present in different subframes.

Table 4 shows an uplink association index (UAI) (k) for
PUSCH transmission in LTE(-A). Table 4 shows the interval
between a DL subframe in which a PHICH/UL grant is
detected, and a UL subframe associated with the DL sub-
frame. Specifically, if a PHICH/UL grant is detected in sub-
frame n, a UE may transmit a PUSCH in subframe n+k.

TABLE 4

TDD UL-DL ubframe number n

Configuration 0 1 2 3 4 5 6 7 8 9

0 4 6 4 6
1 6 4 6 4
2 4 4

3 4 4 4
4 4 4
5 4

6 77 77 5

FIG. 13 illustrates PUSCH transmission timing when UL-
DL Cfg #1 is set. In FIG. 13, SF#0 to SF#9, and SF#10 to
SF#19 correspond to radio frames. The numeral in a box
denotes a UL subframe associated with a DL subframe. For
example, a PUSCH for a PHICH/UL grant of SF#6 is trans-
mitted in SF#6+6 (=SF#12), and a PUSCH for a PHICH/UL
grant of SF#14 is transmitted in SF#14+4 (=SF#18).

TABLE 3

TDD UL-DL Subframe n

Configuration 0 1 2 3 4 5 6 7 8 9
0 — — 6 — 4 — — 6 4
1 —_ — 7,6 4 - - — 7,6 4
2 S 8,7,4,6 - 87,46 -
3 — — 7,6,11 6,5 54—
4 - — 12,8,7,11 6,547 — — — _
5 . 13,12,9,8,7,5,4,11,6 — - _ _
6 - — 7 7 5 — 7 7

FIG. 11 illustrates A/N timing applied to a CC having
UL-DL Cfg #1. In FIG. 11, SF#0 to SF#9, and SF#10 to
SF#19 correspond to radio frames. The numeral in a box
denotes a DL subframe associated with a UL subframe. For
example, an ACK/NACK of a PDSCH of SF#5 is transmitted
in SF#5+7 (=SF#12), and an ACK/NACK of a PDSCH of
SF#6 is transmitted in SF#6+6 (=SF#12). That is, an ACK/
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FIGS. 14 and 15 illustrate PUSCH-UL grant (UG)/PHICH
timing. A PHICH is used to transmit a DL, ACK/NACK. Here,
the DL. ACK/NACK is a response to UL data (e.g., PUSCH)
and refers to an ACK/NACK transmitted in downlink.

Referring to FIG. 14, a UE transmits a PUSCH signal to a
BS (8902). Here, the PUSCH signal is used to transmit one or
more (e.g., 2) TBs according to a transmission mode. As a
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response to PUSCH transmission, the BS may transmit an
ACK/NACK to the UE on a PHICH after k subframes through
aprocedure for ACK/NACK transmission (e.g., ACK/NACK
generation, ACK/NACK resource allocation, etc.) (S904).
The ACK/NACK includes acknowledgement information on
the PUSCH signal of step S902. If the response to PUSCH
transmission is a NACK, the BS may transmit a UL grant
PDCCH for retransmitting the PUSCH, to the UE after k
subframes (S904). This example assumes a normal HARQ
operation in which a PUSCH is transmitted once. In this case,
a UL grant/PHICH corresponding to PUSCH transmission
may be transmitted in the same subframe. However, in sub-
frame bundling, a UL grant/PHICH corresponding to PUSCH
transmission may be transmitted in different subframes.

Table 5 shows PHICH timing defined for TDD. For
PUSCH transmission of subframe #n, a UE determines cor-
responding PHICH resources in subframe #(n+Kpz77-7)-

TABLE §

TDD UL-DL UL subframe index n

S}
w
N
w
=N
-~
0
o

Configuration 0 1

0 4 7 6 4 7 6
1 4 6 4 6

2 6 6

3 6 6 6

4 6 6

5 6

6 4 6 6 4 7

FIG. 15 illustrates UL grant/PHICH transmission timing
when UL-DL Cfg #1 is set. In FIG. 15, SF#0 to SF#9, and
SF#10 to SF#19 correspond to radio frames. The numeral in
a box denotes a DL subframe associated with a UL subframe.
For example, a PHICH/UL grant corresponding to a PUSCH
of SF#2 is transmitted in SF#2+4 (=SF#6), and a UL grant/
PHICH corresponding to a PUSCH of SF#8 is transmitted in
SF#8+6 (=SF#14).

In a TDD-configured CC (or cell), when a UE transmits an
ACK/NACK signal to a BS, if the UE has missed a part of
PDCCH(s) transmitted from the BS in a period of a plurality
of subframes, the UE does not even know that a PDSCH
corresponding to the missed PDCCH was transmitted to the
UE and thus an error may occur in generating ACK/NACK.

To solve this problem, a DL grant PDCCH/SPS release
PDCCH for a TDD CC includes a DAI field (i.e., DL DAI
field). The value of DL DAI field designates an cumulative
value (i.e., count) of PDCCH(s) corresponding to PDSCH(s)
and PDCCH(s) indicating downlink SPS release to a current
subframe within DL subframe(s) n-k (keK). For example, if 3
DL subframes correspond to one UL subframe, PDSCHs
transmitted in a period of 3 DL subframes are sequentially
indexed (i.e., sequentially counted) and the index (or count) is
delivered on a PDCCH for scheduling the PDSCHs. The UE
may determine whether a previous PDCCH is appropriately
received, by checking DAI information of the PDCCH.

FIG. 16 illustrates an ACK/NACK transmission procedure
using a DL DAI. This example assumes a TDD system con-
figured by 3 DL subframes:1 UL subframe. It is assumed for
convenience that a UE transmits ACK/NACK using PUSCH
resources. In LTE, when ACK/NACK is transmitted on a
PUSCH, 1-bit or 2-bit bundled ACK/NACK is transmitted.

Referring to FIG. 16, if the second PDCCH is missed as
shown in Example 1, since a DL DAI value of the third
PDCCH is different from a currently detected number of
PDCCHs, the UE may know that the second PDCCH is
missed. In this case, the UE may process an ACK/NACK
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response to the second PDCCH as a NACK (or NACK/DTX).
On the other hand, if the last PDCCH is missed as shown in
Example 2, since the last detected DAI value of a PDCCH is
equal to a currently detected number of PDCCHs, the UE may
not recognize that the last PDCCH is missed (i.e., DTX).
Accordingly, the UE recognizes that only two PDCCHs are
scheduled for a DL subframe period. In this case, the UE
bundles ACK/NACK corresponding to first two PDCCHs and
thus an error occurs in an ACK/NACK feedback procedure.
To solve this problem, a UL grant PDCCH also includes a
DAl field (i.e., UL DAl field). The UL DAI field is a 2-bit field
and includes information about the number of scheduled
PDCCHs.

Table 6 shows values (VP4 , ., VY, indicated by a DAI
field in a DCI format. V7£,, ,; denotes a DL DAI value, and
VU, s denotes a UL DAI value. VP4, denotes the value of
DAI field in DCI format 1/1A/1B/1D/2/2A/2B/2C/2D for
UL-DL Cfgs #0 to #6. VY%, ,, denotes the value of DAI field
in DCI format 0/4 (i) if one CC (or cell) having UL-DL Cfgs
#1 to #6 is configured, or (ii) if a UE is configured not to use
PUCCH format 3.

TABLE 6

Number of subframes with PDSCH

DAI transmission and with PDCCH
MSB, LSB Vot or Vi, Pr  indicating DL SPS release

0,0 1 lor5Sor9

0,1 2 2o0r6

1,0 3 3or7

1,1 4 Oordor8

>

MSB: Most significant bit. LSB: Least significant bit.

Table 7 shows a value (W%, ) indicated by a DAI field in
DCI format 0/4. W, denotes the value of DAI field in DCI
format 0/4 (i) if a plurality of CCs (or cells) having UL-DL
Cfgs #1 to #6 are configured, or (ii) if one CC (or cell) having
UL-DL Cfgs #1 to #6 is configured and a UE is configured to
use PUCCH format 3.

TABLE 7
DAI
MSB, LSB Wit
0,0 1
0,1 2
1,0 3
1,1 4

MSB: Most significant bit. LSB: Least significant bit.

For convenience, unless otherwise mentioned, DL DAI is
referred to as V, and UL DAL is referred to as W.

DALI is used in various ways in an ACK/NACK transmis-
sion procedure. For example, a DAI may be used for DTX
detection as illustrated in FIG. 16, or used in an ACK/NACK
payload generating procedure (e.g., determination of the size
of ACK/NACK payload and the location of ACK/NACK
information in the ACK/NACK payload) or ACK/NACK
resource allocation procedure.

Initially, a description is now given of DTX detection using
a DAL Referring back to FIG. 16, when VY%,  =(U,,, +
Nps—1)mod 4+1 it is assumed that at least one DL assign-
ment is missed (i.e., DTX occurs), and a UE generates a
NACK of all codewords according to a bundling procedure.
Up,4r denotes a total number of DL grant PDCCHs and SPS
release PDCCHs detected in subframe n-k (keK) (see Table
3). Nps denotes the number of SPS PDSCHs and is 0 or 1.
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Then, a description is now given of ACK/NACK payload
generation using a DAI It is assumed for convenience that
PUCCH format 3 is configured. ACK/NACK payloads for
PUCCH format 3 are configured per cell, and arranged in the
order of cell indices. Specifically, HARQ-ACK feedback bits
for a c-th serving cell (or DL CC) are given as o OACK
o, kL 0,0, AK_ 19K (c20). O*“* . denotes the number
of bits (i.e., size) of HARQ-ACK payload of the c-th serving
cell. Regardlng the c-th serving cell, if a transmission mode
for supporting transmission of a single TB is configured or if
space bundling is applied, it may be given as O4“* =B~

On the other hand, regarding the c-th serving cell, if a
transmission mode for supporting transmission of a plurality
of (e.g., 2) TBs is configured and space bundling is not
applied, it may be given as O““* =2BP~_ Ifthe HARQ-ACK
feedback bits are transmitted on a PUCCH or if the HARQ-
ACK feedback bits are transmitted on a PUSCH but there is
no W corresponding to the PUSCH (e.g., SPS-based
PUSCH), it is given as B> =M. M denotes the number of
elements in set K defined in Table 3. If the TDD UL-DL Cfg
is #1, #2, #3, #4, or #6 and if the HARQ-ACK feedback bits
are transmitted on a PUSCH, it is given as B?X =W, .
WYL, denotes a value indicated by a UL DAI field in a UL
grant PDCCH (Table 7), and is simply referred to as W. Ifthe
TDD UL-DL Cfg is #5, it is given as B 2X=W , ,,“F+4[(U-
W, 75)/4|. Here, U denotes a maximum value among Ucs,
and Uc denotes a total number of PDSCH(s) received and
PDCCHs indicating (downlink) SPS release in subframe n-k
in the c-th serving cell. Subframe n is a subframe for trans-
mitting the HARQ-ACK feedback bits. [ ] denotes a ceiling
function.

Regarding the c-th serving cell, if a transmission mode for
supporting transmission of a single TB is configured or if
space bundling is applied, the location of each ACK/NACK in
HARQ-ACK payload of the serving cell is given
as ocDA,(k)_lACK. DAI(k) denotes a DL DAI value of a
PDCCH detected in DL subframe n-k. On the other hand,
regarding the c-th serving cell, if a transmission mode for
supporting transmission of a plurality of (e.g., 2) TBs is
configured and space bundling is not applied, the location of
each ACK/NACK in HARQ -ACK payload of'the seerng cell
is given as 0O, opzp. S o, 2 DAI)- K o, 2 DAIR)- 2
denotes HARQ-ACK for codeword 0, and o, 55471 R
denotes HARQ-ACK for codeword 1. Codeword 0 and code-
word 1 may respectively correspond to TB0O and TB1, or TB1
and TBO according to swapping. If PUCCH format 3 is trans-
mitted in a subframe configured for SR transmission, PUCCH
format 3 transmits ACK/NACK bits and a 1-bit SR together.

A beyond LTE-A system considers aggregation of a plu-
rality of CCs having different subframe configurations. For
example, a plurality of CCs having different subframe con-
figurations includes aggregation of a plurality of CCs having
different UL-DL Cfgs (referred to as different TDD CA for
convenience). Although different TDD CA is assumed in the
following description, aggregation of a plurality of CCs hav-
ing different subframe configurations is not limited thereto. In
different TDD CA, A/N timing (see FIGS. 10 and 11) set for
a PCC and SCC may be different according to UL-DL Cfgs of
the corresponding CCs. Accordingly, UL SF timing for trans-
mitting A/N may be set differently for the PCC and SCC with
respect to the same DL SF timing, and a DL SF group for
which A/N feedback is transmitted may be set differently for
the PCC and the SCC with respect to the same UL SF timing.
Furthermore, link directions (i.e. DL/UL) of the PCC and
SCC may be set differently with respect to the same SF
timing.
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In addition, the beyond LTE-A system considers to support
cross-CC scheduling even when a plurality of CCs having
different subframe configurations are aggregated. In this case,
UL grant/PHICH timing (see FIGS. 12 to 15) configured for
an MCC and SCC may be different. For example, a DL SF for
transmitting a UL, grant/PHICH may be configured differ-
ently for the MCC and SCC with respect to the same UL SF.
Furthermore, a UL SF group for which a UL grant or PHICH
feedback is transmitted may be configured differently for the
MCC and SCC with respect to the same DL SF. In this case,
link directions of the MCC and SCC may be configured
differently with respect to the same SF timing. For example,
specific SF timing may be configured as a DL SF for trans-
mitting a UL grant/PHICH in the SCC, and configured as a
UL SF in the MCC.

When SF timing at which link directions of the PCC and
SCC are different (hereinafter referred to as a collided SF) is
present due to different subframe configurations (e.g., differ-
ent TDD CA configurations), only a CC from the PCC and
SCC, which has a specific link direction or has the same link
direction as that of a specific CC (e.g. PCC), may be utilized
at the SF timing due to the hardware configuration of the UE
or another reason/purpose. For convenience, this scheme is
referred to as half duplex (HD)-TDD CA. For example, when
SF collision occurs because specific SF timing is configured
as a DL SF inthe PCC and configured as a UL SF in the SCC,
only the PCC having a DL direction (i.e. DL SF set for the
PCC) may be utilized and the SCC having a UL direction (i.e.
UL SF set for the SCC) may not be utilized at the SF timing
(or vice versa).

In this case, to transmit A/N feedback about a DL signal
transmitted in DL SFs of all CCs, through the PCC, a scheme
for applying A/N timing (set for a specific UL-DL Cfg) dif-
ferently per CC or commonly to all CCs may be considered.
Here, the specific UL-DL Cfg (hereinafter referred to as a
reference configuration (Ref-Cfg)) may be the same as a
UL-DL Cfg configured for the PCC or SCC or determined as
another UL-DL Cfg. Although the Ref-Cfg is illustrated in
view of A/N timing in FIGS. 17 and 18, the Ref-Cfg may also
be defined in view of UL grant/PHICH timing. In this case, a
Ref-Cfg for A/N timing (hereinafter referred to as an A/N
timing Ref-Cfg) and a Ref-Cfg for UL grant/PHICH timing
(hereinafter referred to as a UL grant/PHICH timing Ref-Cfg)
are given independently. Simply, the A/N timing Ref-Cfg
may be referred to as a DL.-Ref UL/DL configuration, and the
UL grant/PHICH timing Ref-Cfg may be referred to as a
UL-Ref UL/DL configuration.

In HD-TDD CA, the number of DL SFs for which A/N
feedback is transmitted (hereinafter referred to as A/N-DL
SFs) atone UL SF timing may be set difterently fora PCC and
SCC. In other words, if the number of DL, SFs corresponding
to one UL SF (referred to as A/N-DL SFs for convenience) is
defined as M, the value M may be set differently or indepen-
dently for CCs with respect to one PCC UL SF (the value M
for each CC: Mc). Ifan A/N timing Ref-Cfg of a specific XCC
(PCC or SCC) is not the same as a PCC UL-DL Cfg (i.e.,
PCC-Cfg), an A/N-DL SF index of the XCC setat PCC UL SF
timing may be different from an A/N-DL SF index achieved
when A/N timing of an original PCC-Cfg is applied. Particu-
larly, if PUCCH resources linked to CCE resources of a
PDCCH for scheduling DL data are referred to as an implicit
PUCCH, the implicit PUCCH may not be defined (in a PCC
UL SF for transmitting A/N) for a specific XCC DL SF (a
PDCCH for scheduling DL data to be transmitted therein)
even in cross-CC scheduling.

FIG. 17 illustrates the structure of HD-TDD CA. In FIG.
17, shaded parts X denote a CC (link direction), use of which
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is prohibited ina collided SF, and a dotted arrow denotes a DL,
SF corresponding to a PCC UL SF to which an implicit
PUCCH is not linked.

A scheme for allowing simultaneous DL/UL transmission
and reception in a collided SF in which link directions of a
PCC and SCC are different may be considered. For conve-
nience, this scheme is referred to as full duplex (FD)-TDD
CA. In this case, A/N timing set for a specific (A/N timing)
Ref-Cfg may also be applied differently to each CC or com-
monly to all CCs in order to transmit A/N feedback for DL,
SFs of all CCs in one PCC UL SF. The (A/N timing) Ref-Cfg
may be the same as a PCC-Cfg or SCC-Cfg or given as
another UL-DL Cfg. In FD-TDD CA, a value M may be set
differently or independently for CCs with respect to one PCC
UL SF, and implicit PUCCH resources may not be defined in
(a PCC UL SF corresponding to) an XCC DL SF even in
cross-carrier scheduling. FIG. 18 illustrates the structure of
FD-TDD CA, and a dotted arrow denotes a DL SF corre-
sponding to a PCC UL SF to which implicit PUCCH
resources are not linked.

Embodiment

Control Information Signaling in Aggregation of
CCs Having Different Subframe Configurations

Referring to Tables 6 and 7, a DAI is used for CCs having
UL-DL Cfgs #1 to #6, and not used for a CC having UL-DL
Cfg #0 (UL-DL Cfg #0 CC). In UL-DL Cfg #0 in which the
number of UL SFs is greater than the number of DL SFs,
unlike the other UL-DL Cfgs, for a UL grant DCI format, a
UL index indicating a UL SF to be scheduled is signaled
(instead of a UL DAI). That is, the UL grant DCI format
selectively includes a DAI field and UL index field according
to the UL-DL Cfg, and the DAI field and UL index field are
defined as having the same size (e.g., 2 bits). Here, the UL
index may be used to determine the index of a subframe used
for PUSCH transmission. Furthermore, in a DL grant DCI
format for the UL-DL Cfg #0 CC, it is defined that (a DL DAI
fieldis present but) a DL. DAl is not signaled. That is, although
a DL field is present, a DL DAI field (value) is not used. The
UL grant DCI format includes DCI format 0/4, and the DL
grant DCI format includes DCI format 1/1A/1B/1D/2/2A/
2B/2C/2D. The UL index is signaled in UL-DL Cfg #0 to
perform UL scheduling/HARQ on a large number of UL SFs
using a small number of DL SFs. In addition, since the num-
ber of UL SFs is greater than the number of DL SFs in UL-DL
Cfg #0, each of the DL SFs can be linked to different UL SF
(for A/N transmission) and thus DL DAI signaling may be
omitted.

In CA of a plurality of CCs having different subframe
configurations (e.g., CA of a plurality of CCs having different
UL-DL Cfgs), if a CC having UL-DL Cfg #0 is present, a
(HARQ timing) Ref-Cfg of the CC having UL-DL Cfg #0
may be configured as a UL-DL Cfg of another CC, or a third
UL-DL Cfg (in this case, UL index signaling may not be
necessary). In this regard, in view of A/N transmission, a
plurality of DL SFs of the CC having UL-DL Cfg #0 may be
linked to one UL SF of a PCC. Accordingly, if UL-DL Cfg #N
(N: integer other than O (e.g., 1 to 6)) is configured as a
Ref-Cfg for the CC having UL-DL Cfg #0, providing of
DL/UL DALI signaling to a DL/UL grant DCI format for
scheduling DL/UL data on the CC having UL-DL Cfg #0 may
be more efficient for A/N transmission.

Initially, the present invention proposes a DAI signaling
scheme using a DCI format for scheduling a CC having
UL-DL Cfg #0 (i.e., CC operating with UL-DL Cfg #0) in
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TDD (hereinafter referred to as a UL-DL Cfg #0 scheduling
DCI format), and an A/N transmission method thereof. As
one scheme, a case in which DL, DAI signaling is activated in
a UL-DL Cfg #0 scheduling DL grant DCI format may
include (i) a case in which a UE is capable of performing CA,
(ii) a case in which a plurality of CCs are assigned for a UE,
(iii) a case in which a plurality of CCs having different UL-
DL Cfgs are assigned for a UE, (iv) a case in which PUCCH
format 3 is configured for A/N transmission, and a combina-
tion thereof. This is because, when PUCCH format 3 is con-
figured, PUCCH format determination, A/N transmission on
a PUSCH, simultaneous transmission of CSI or SR and A/N,
etc. is performed depending on a DL, DAL

As another scheme, only when PUCCH format 3 is con-
figured for A/N transmission (i) in CA of one or more CCs
having UL-DL Cfg #0, (ii) by a UE capable of performing CA
(of CCs having a UL-DL Cfg (#0)), and/or (iii) in CA of one
or more CCs (having a UL-DL Cfg (#0)), it may be assumed
that a DL DAI of a DL grant PDCCH for scheduling a corre-
sponding CC corresponds to a DL DAI initial value (e.g., 1)
while DL DAL signaling is not activated as in a conventional
case. This is because the use of a TPC field in the DL grant
PDCCH (e.g., PUCCH power control or A/N resource indi-
cation) and determination of a PUCCH format for A/N trans-
mission, an A/N payload configuration for A/N transmission
on a PUSCH, simultaneous transmission of CSI or SR and
A/N,; etc. are all determined according to value of the DL DAI
(or, whether value of the DI, DAI corresponds to the DL DAI
initial value). Accordingly, when a DL grant PDCCH for
scheduling an arbitrary CC is received, a UE corresponding to
the above condition may regard that the DL, DAI initial value
for the corresponding CC is received, and perform TPC field
reference, PUCCH power control, A/N resource determina-
tion, A/N payload configuration, simultaneous transmission
of CSI or SR and A/N, etc.

Meanwhile, a case in which UL DAI signaling is activated
in a UL-DL Cfg #0 scheduling UL grant DCI format may be
restricted to CA of a plurality of CCs having different UL-DL
Cfgs (excluding a case in which UL index signaling is inevi-
table).

Furthermore, in CA of a plurality of CCs having different
UL-DL Cfgs, whether a DCI format supports DL, DAI, UL
DAL signaling may be determined according to TDD CA
combination/structure, whether cross-carrier scheduling is
configured, A/N timing Ref-Cfg, UL grant/PHICH timing
Ref-Cfg, etc.

The present invention now proposes a method of determin-
ing whether DL/UL DAI signaling is supported, and a method
of'configuring A/N payload to be transmitted on a PUSCH (or
PUCCH). The following description assumes for conve-
nience that one PCC (or MCC) and one SCC having different
UL-DL Cfgs are aggregated, and may be extended to a case in
which a plurality of CCs having different subframe configu-
rations are aggregated. Furthermore, in the following descrip-
tion, a DL grant DCI format includes those of a PDCCH for
scheduling DL data, and a PDCCH for commanding SPS
release. DL data (or DL signal) collectively refers to a
PDCCH and PDSCH which require ACK/NACK feedback,
and includes a PDCCH for instructing SPS release. A DL SF
may include not only a general DL SF but also a special SF. In
addition, a DCI format for scheduling a CC having UL-DL
Cfg #0 (i.e., CC having or operating with UL-DL Cfg #0) is
referred to as a UL-DL Cfg #0 scheduling DCI format.



US 9,065,621 B2

19

<DL DAI Signaling>

(1) Method D-1: No DL DAI Signaling is Provided Using
a (UL-DL Cfg #0 Scheduling) DL Grant DCI Format

The size of A/N payload of a CC operating with UL-DL
Cfg #0 may always be determined as a maximum size irre-
spective of an A/N transmission channel (e.g., PUCCH or
PUSCH) (and irrespective of the value of UL DAI or whether
the UL DAL is present). Here, the maximum size may corre-
spond to a total number of DL SFs of UL-DL Cfg #0 linked to
one PCC UL SF in view of A/N transmission. The corre-
sponding A/N payload of UL-DL Cfg #0 may be ordered in
the order of DL SFs instead of the order of DL DAIs. Mean-
while, this method may be applied only to a case in which the
PCC has UL-DL Cfg #0 (i.e., case in which an A/N timing
Ref-Cfg ofthe PCC is setto a PCC UL-DL Cfg). The Ref-Cfg
of'the PCC follows the UL-DL Cfg of the PCC. Furthermore,
this method may be applied only to a CC which operates with
UL-DL Cfg #0 and of which an A/N timing Ref-Cfg is set to
UL-DL Cfg #0. In addition, this method may be applied to a
CC of which an A/N timing Ref-Cfg is set to UL-DL Cfg #0,
irrespective of UL-DL Cfgs. For example, if a CC has one of
UL-DL Cfgs #0 to #6 (particularly, one of UL-DL Cfgs #1 to
#6) and an A/N timing Ref-Cfg of the CC is set to UL-DL Cfg
#0, no DAI signaling is provided using a DL grant DCI format
for the CC. In this case, the proposed A/N payload configu-
ration and A/N ordering scheme may be equally applied.

(2) Method D-2: DL DAI Signaling is Provided Using a
(UL-DL Cfg #0 Scheduling) DL Grant DCI Format

This method may be applied only to a case in whichan SCC
has UL-DL Cfg #0 (i.e., case in which an A/N timing Ref-Cfg
of an SCC is set to a PCC UL-DL Cfg). Furthermore, this
method may be applied only to a CC which operates with
UL-DL Cfg #0 (hereinafter referred to as a UL-DL Cfg #0
CC) and of which an A/N timing Ref-Cfg is set to a UL-DL
Cfg other than UL-DL Cfg #0. In addition, this method may
be applied to a CC of which an A/N timing Ref-Cfg is set to
a UL-DL Cfg other than UL-DL Cfg #0, irrespective of UL-
DL Cfgs. For example, if a CC has one of UL-DL Cfgs #0 to
#6 (particularly, UL-DL Cfg #0) and an A/N timing Ref-Cfg
of'the CCis set to one of UL-DL Cfgs #1 to #6, DAI signaling
may be provided using a DL grant DCI format of the CC.

Meanwhile, in a PCC having UL-DL Cfg #0, an A/N tim-
ing Ref-Cfg of each CC may be determined as described
below according to whether cross-carrier scheduling is con-
figured. Here, cross-carrier scheduling may refer to schedul-
ing of DL data to be transmitted in an SCC, by a PCC.

Case #1: (PCC, SCC)=UL-DL Cfg (#0, #N); cross-carrier

scheduling

A/N timing Ref-Cfg of PCC: UL-DL Cfg #0 (i.e., PCC

UL-DL Cfg)
A/N timing Ref-Cfg of SCC: UL-DL Cfg #0 (i.e., PCC
UL-DL Cfg)

Case #2: (PCC, SCC)=UL-DL Cfg (#0, #N); non-cross-

carrier scheduling

A/N timing Ref-Cfg of PCC: UL-DL Cfg #0 (i.e., PCC

UL-DL Cfg)
A/N timing Ref-Cfg of SCC: UL-DL Cfg #N (i.e., SCC
UL-DL Cfg)

Here, Case #1 may be generalized to a case in which both
CC1 and CC2 have an A/N timing Ref-Cfg set to UL-DL Cfg
#0. Furthermore, Case #2 may be generalized to a case in
which CC1 and CC2 respectively have an A/N timing Ref-
Cfg set to UL-DL Cfg #0 and an A/N timing Ref-Cfg set to
UL-DL Cfg #N (N=1). CC1 may be a PCC and CC2 may be
an SCC. In the following description, the PCC and SCC may
be respectively interchangeable with CC1 and CC2.
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The present invention proposes the following schemes in
Case #1 and Case #2. For convenience, activation/deactiva-
tion of DL DAI signaling is referred to as DL. DAI ON/OFF.
Here, DL DAI ON indicates that the value of a DL DAI field
in a DCI format is usable in an A/N transmission procedure,
and DL DAI OFF indicates that a DL DAI field is notincluded
in a DCI format, or a DL DAI field is present but the value of
the DL DAL field is not usable in an A/N transmission proce-
dure.

Sol-1: DL DAI OFF for PCC, DL DAI ON for SCC

A UE may operate by assuming/regarding that all DL grant

PDCCHs for scheduling a PCC and/or DL data corre-
spond to the first DL SF or a DL, DAI initial value (e.g.,
1). Alternatively, the A/N payload (i.e., maximum size)
and A/N ordering (i.e., DL SF order) scheme of Method
D-1 may be applied to a PCC and SCC (irrespective of a
transmission channel, e.g., PUCCH or PUSCH, and irre-
spective of the value of UL DAl/whether the UL DAI is
present).

Sol-2: DL DAI OFF for both PCC and SCC

A UE may operate by assuming/regarding that all DL grant

PDCCHs for scheduling a PCC and SCC and/or DL data
correspond to the first DL SF or a DL DAI initial value
(e.g., 1). Alternatively, the A/N payload (i.e., maximum
size) and A/N ordering (i.e., DL SF order) scheme of
Method D-1 may be applied to a PCC and SCC (irre-
spective of a transmission channel, e.g., PUCCH or
PUSCH, and irrespective of the value of UL DA/
whether the UL DA is present).

Sol-3: DL DAI ON for both PCC and SCC

An operation may not be separately defined as in Sol-1 and

Sol-2. As a result, DL DAI signaling may always be
activated irrespective of an A/N timing Ref-Cfg
(whether it corresponds to UL-DL Cfg #0).

Meanwhile, the scheme may be applied to Case #1 and
Case #2 (e.g., Sol-2 or Sol-3 may be commonly applied to
Case #1 and Case #2), or different schemes may be applied to
Case #1 and Case #2 (e.g., Sol-2 may be applied to Case #1,
and Sol-1 or Sol-3 may be applied to Case #2).

Alternatively, Sol-2 may be applied if every CC has an A/N
timing Ref-Cfg configured as UL-DL Cfg #0, and Sol-1 or
Sol-3 may be applied if there is a CC having an A/N timing
Ref-Cfg not configured as UL-DL Cfg #0. Otherwise, Sol-3
may be applied if every CC has an A/N timing Ref-Cfg not
configured as UL-DL Cfg #0, and Sol-1 or Sol-2 may be
applied if there is a CC having an A/N timing Ref-Cfg con-
figured as UL-DL Cfg #0.

Meanwhile, the above-described schemes (e.g., Sol-1 to
Sol-3) may be applied only when “PUCCH format 1b with
channel selection” is set for A/N transmission.

FIG. 19 illustrates a control information transmission pro-
cedure according to an embodiment of the present invention.
This embodiment shows combination [Method D-1, Method
D-2], and other combinations may be performed similarly.
For example, this embodiment may be performed similarly
on combination [Method D-1/D-2, Case#1, Sol-2].

Referring to FIG. 19, a plurality of cells (e.g., cell#1 and
cell#2) having different subframe configurations may be con-
figured for a UE (S1702). Here, cell#2 may have one of
UL-DL Cfgs #0 to #6 (particularly, one of UL-DL Cfgs #1 to
#6). Although cell types are not restrictive, cell#1 may be a
PCell and cell#2 may be a SCell. After that, the UE may
receive a DL DCI format including a DAI field, for cell#2
(S1704). Since cross-carrier scheduling is configured in
Case#1, the DL DCI format may further include a CIF field.
The DL DCI format includes DCI format 1/1A/1B/1C/1D/2/
2A/2B/2C/2D. After that, the UE may transmit HARQ-ACK
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information related to the DL, DCI format in uplink (S1706).
Here, the HARQ-ACK information may include at least one
of acknowledgement information about a PDSCH signal
indicated by the DL DCI format, and acknowledgement
information about an SPS release PDCCH signal including
the DL DCI format.

According to the present invention, for HARQ-ACK tim-
ing, if a reference UL-DL Cfg (Ref-Cfg) applied to cell#2 is
not UL-DL Cfg #0 (Method D-2), a DAI field may be used in
a procedure for transmitting HARQ-ACK information (e.g.,
DTX detection, HARQ-ACK payload generation, HARQ-
ACK resource allocation, etc.) (Method D-2). On the other
hand, for HARQ-ACK timing, if a Ref-Cfg applied to cell#2
is UL-DL Cfg #0 (Method D-1/Case#1), a DAI field is not
used in a procedure for transmitting HARQ-ACK informa-
tion (Sol-2). In this case, a HARQ-ACK payload size of a cell
operating with UL-DL Cfg #0 may always be determined as
a maximum size irrespective of a HARQ-ACK transmission
channel (e.g., PUCCH or PUSCH) (and irrespective of the
value of UL DAI/whether the UL DALI is present). Here, the
maximum size may correspond to a total number of DL SFs of
UL-DL Cfg #0 linked to one PCell UL SF in view of HARQ-
ACK transmission (see Table 3). The HARQ-ACK payload of
the cell operating with UL-DL Cfg #0 may be ordered in the
order of DL SFs instead of the order of DL DAIs.

<UL DAI Signaling>

(1) Method U-1: No UL DAI Signaling is Provided Using
a UL-DL Cfg #0 Scheduling UL Grant DCI Format

According to this method, a UL index may be signaled
instead of a UL DAI with respect to the same field in a DCI
format. Furthermore, the size of A/N payload of each CC
having UL-DL Cfg #0 when A/N is transmitted on a PUSCH
of the CC may be determined as a maximum size. Here, the
maximum size may correspond to a total number of DL SFs of
each CC linked to one PCC UL SF in view of A/N transmis-
sion (see Table 3). Specifically, A/N payload of a CC for
providing DI DAI signaling may be ordered in the order of
DL DAIs and A/N payload of a CC for not providing DL DAI
signaling may be ordered in the order of DL SFs, or A/N
payload of all CCs may be ordered in the order of DL SFs.

Meanwhile, this method may be applied only to (i) a casein
which an MCC has UL-DL Cfg #0 (a UL grant/PHICH timing
Ref-Cfg of an MCC is set to an MCC UL-DL Cfg), (ii) a case
in which an SCC has UL-DL Cfg #0 and non-cross-carrier
scheduling is configured, and (iii) a case in which an SCC has
UL-DL Cfg #0 and cross-carrier scheduling and FD-TDD CA
are configured (a UL grant/PHICH timing Ref-Cfg of an SCC
is set to an SCC UL-DL Cfg). Furthermore, this method may
be applied only to a CC which operates with UL-DL Cfg #0
(hereinafter referred to as a UL-DL Cfg #0 CC) and of which
a UL grant/PHICH timing Ref-Cfg is set to UL-DL Cfg #0. In
addition, this method may be applied to a CC of which a UL
grant/PHICH timing Ref-Cfg is set to UL-DL Cfg #0, irre-
spective of UL-DL Cfgs. For example, if a CC has one of
UL-DL Cfgs #0 to #6 (particularly, one of UL-DL Cfgs #1 to
#6)and a UL grant/PHICH timing Ref-Cfg of the CC is set to
UL-DL Cfg #0, no UL DAI signaling may be provided using
a UL grant DCI format of the CC. (Instead, UL index signal-
ing may be provided according to a conventional scheme). In
this case, the proposed A/N payload configuration and A/N
ordering scheme may be equally applied.

(2) Method U-2: UL DAI Signaling is Provided Using a
UL-DL Cfg #0 Scheduling UL Grant DCI Format

According to this method, a UL DAI may be signaled
instead of a UL index with respect to the same field in a DCI
format. Although applicable cases are not restrictive, this
method may be applied only to a case in which an SCC has
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UL-DL Cfg #0 and cross-CC scheduling and HD-TDD CA
are configured (a case in which a UL grant/PHICH timing
Ref-Cfg of an SCC is set to an MCC UL-DL Cfg). That is, in
other cases, no UL DAI signaling is provided using a UL-DL
Cfg #0 scheduling UL grant DCI format. In this case, a UL
index may be signaled using the UL-DL Cfg #0 scheduling
UL grant DCI format as in a conventional case. Furthermore,
this method may be applied only to a CC which operates with
UL-DL Cfg #0 (i.e., UL-DL Cfg #0 CC) and of which a UL
grant/PHICH timing Ref-C{g is set to a UL-DL Cfg other than
UL-DL Cfg #0. That is, if the UL grant/PHICH timing Ref-
Cfg of the UL-DL Cfg #0 CC is set to UL-DL Cfg #0, no UL
DAI signaling is provided using a UL-DL Cfg #0 scheduling
UL grant DCI format. In this case, a UL index may be sig-
naled using the UL-DL Cfg #0 scheduling UL grant DCI
format as in a conventional case. A UL DAI and UL index
may be signaled in the same field (e.g., 2-bit field) of a UL
DCI format. In addition, this method may be applied to a CC
ofwhicha UL grant/PHICH timing Ref-Cfgis settoa UL-DL
Cfg other than UL-DL Cfg #0, irrespective of UL-DL Cfgs.
For example, if a CC has one of UL-DL Cfgs #0 to #6
(particularly, UL-DL Cfg #0) and a UL grant/PHICH timing
Ref-Cfg ofthe CCissetto one of UL-DL Cfgs #1 to #6,no UL
DAI signaling may be provided using a UL grant DCI format
of'the CC.

The methods proposed above in relation to DL/UL DAI
signaling may be combined according to TDD CA combina-
tion/structure, whether cross-CC scheduling is configured,
A/N timing Ref-Cfg, UL grant/PHICH timing Ref-Cfg, etc.
For example, if an SCC has UL-DL Cfg #0 and non-cross-CC
scheduling is configured, Method D-2 may be applied to DL
DAL signaling, and Method U-1 may be applied to UL DAI
signaling. As a result, a DL DAl may be signaled in a UL-DL
Cfg #0 scheduling DL grant DCI format, and a UL DAI may
not be signaled (instead of signaling a UL index) in a UL-DL
Cfg #0 scheduling UL grant DCI format.

Meanwhile, in CA of a plurality of CCs having different
UL-DL Cfgs (irrespective of UL-DL Cfgs), an SCC may be
settoa UL SF at specific SF timing when a PCC is set to a DL,
SF and, more particularly, the SF may not be set to A/N
timing. In this case, since there is no A/N to be transmitted at
the SF timing, no UL DAI signaling may be needed by a UL
grant DCI format for scheduling UL data to be transmitted at
the SF timing. The present invention proposes to use a UL
DAL field in the UL grant DCI format for scheduling the
specific SF, for another purpose as described below. Here, the
specific SF may be generalized to SF timing set to a UL SF but
not set to A/N timing with respect to an arbitrary CC. Alter-
natively, (in a more generalized manner,) the proposed
scheme may be applied to all SF timings irrespective of A/N
timing or to a few designated SF timings (by using a UL DAI
field, or adding a new field).

1) The UL DAI field is used to signal simultaneous trans-
mission of a PUSCH and (periodic) CSI (e.g., PUSCH rate-
matching with CSI piggyback, or no PUSCH rate-matching
with CSI dropping), or simultaneous transmission of a
PUSCH and (periodic) SRS (e.g., PUSCH rate-matching
with SRS transmission, or no PUSCH rate-matching with
SRS dropping) in the SF.

2) The UL DAI field is used to indicate a PUSCH to be
transmitted (a CC for transmitting the PUSCH) after UCI
(e.g., (periodic) CSI) other than A/N is piggybacked thereon.

FIG. 20 illustrates a UL signal transmission procedure
according to an embodiment of the present invention. This
embodiment shows combination [Method U-1, Method U-2],
and other combinations may be performed similarly.
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Referring to FIG. 20, a plurality of cells (e.g., cell#1 and
cell#2) having different subframe configurations may be con-
figured for a UE (S1802). Here, cell#2 may have one of
UL-DL Cfgs #0 to #6 (particularly, UL-DL Cfg #0). Although
cell types are not restrictive, cell#1 may be a PCell and cell#2
may be a SCell. After that, the UE may receive a UL DCI
format including a specific field (e.g., 2-bit field), for cell#2
(S1804). If cross-carrier scheduling is configured, the UL
DCI format may further include a CIF field. The UL DCI
format includes DCI format 0/4. After that, the UE may
transmit a PUSCH signal corresponding to/indicated by the
UL DCI format (S1806). Here, the PUSCH signal may
include HARQ-ACK information. The HARQ-ACK infor-
mation may include acknowledgement information on a
PDSCH signal and/or SPS release PDCCH signal.

According to the present invention, for UG/PHICH timing
(here, PUSCH (transmission) timing), if a reference UL-DL
Cfg (Ref-Cfg) applied to cell#2 is not one of UL-DL Cfgs #1
to #6 (i.e., UL-DL Cfg #0), a specific field in a UL DCI format
may indicate information used to determine the index of a UL
subframe for transmitting a PUSCH signal. That is, the spe-
cific field may indicate a UL index. In this case, a HARQ-
ACK payload size of each cell may always be determined as
a maximum size. Here, the maximum size may correspond to
a total number of DL SFs of each cell linked to one PCell UL
SF in view of HARQ-ACK transmission (see Table 3). Spe-
cifically, HARQ-ACK payload of a cell for providing DL DAI
signaling may be ordered in the order of DL DAIs and
HARQ-ACK payload of a cell for not providing DL DAI
signaling may be ordered in the order of DL SFs, or HARQ-
ACK payload of all CCs may be ordered in the order of DL,
SFs. On the other hand, for UG/PHICH timing (here, PUSCH
(transmission) timing), if a Ref-Cfg applied to cell#2 is one of
UL-DL Cfgs #1 to #6, a specific field ina UL DCI format may
indicate a DAI value (i.e., UL DAl value). The UL DAl value
of' a DAI field may be used in a procedure for transmitting
HARQ-ACK information (e.g., DTX detection, HARQ-ACK
payload generation, etc.).

FIG. 21 illustrates a BS 110 and a UE 120 applicable to an
embodiment of the present invention. In a system including a
relay, the BS 110 and the UE 120 may be replaced with the
relay.

Referring to FIG. 21, a wireless communication system
includes the BS 110 and the UE 120. The BS 110 includes a
processor 112, a memory 114, and aradio frequency (RF) unit
116. The processor 112 may be configured to implement the
procedures and/or methods proposed by the present inven-
tion. The memory 114 is connected to the processor 112 and
stores various types of information related to operation of the
processor 112. The RF unit 116 is connected to the processor
112 and transmits and/or receives radio signals. The UE 120
includes a processor 122, a memory 124, and an RF unit 126.
The processor 122 may be configured to implement the pro-
cedures and/or methods proposed by the present invention.
The memory 124 is connected to the processor 122 and stores
various types of information related to operation of the pro-
cessor 122. The RF unit 126 is connected to the processor 122
and transmits and/or receives radio signals. The BS 110 and/
orthe UE 120 may have a single antenna or multiple antennas.

The embodiments of the present invention described above
are combinations of elements and features of the present
invention. The elements or features may be considered selec-
tive unless otherwise mentioned. Each element or feature
may be practiced without being combined with other ele-
ments or features. Further, an embodiment of the present
invention may be constructed by combining some elements
and/or features. Operation orders described in embodiments
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of'the present invention may be rearranged. Some configura-
tions or features of any one embodiment may be included in
another embodiment and replaced with corresponding con-
figurations or features of another embodiment. It is obvious to
those skilled in the art that claims that are not explicitly cited
in each other in the appended claims may be presented in
combination as an embodiment of the present invention or
included as a new claim by a subsequent amendment after the
application is filed.

In the embodiments of the present invention, a description
is made, centering on a data transmission and reception rela-
tionship between a BS and a UE. In some cases, a specific
operation described as performed by the BS may be per-
formed by an upper node of the BS. Namely, it is apparent
that, in a network composed of a plurality of network nodes
including a BS, various operations performed for communi-
cation with a UE may be performed by the BS, or network
nodes other than the BS. The term ‘BS’ may be replaced with
the term “fixed station’, ‘Node B’, ‘evolved Node B (eNode B,
eNB)’, ‘access point’, etc. The term ‘UE’ may be replaced
with the term ‘mobile station (MS)’, ‘mobile subscriber sta-
tion (MSS)’, etc.

The embodiments of the present invention may be achieved
by various means, for example, hardware, firmware, soft-
ware, or a combination thereof. In a hardware configuration,
the methods according to the embodiments of the present
invention may be achieved by one or more Application Spe-
cific Integrated Circuits (ASICs), Digital Signal Processors
(DSPs), Digital Signal Processing Devices (DSPDs), Pro-
grammable Logic Devices (PLDs), Field Programmable Gate
Arrays (FPGAs), processors, controllers, microcontrollers,
MiCroprocessors, etc.

In a firmware or software configuration, the embodiments
of'the present invention may be implemented in the form of a
module, a procedure, a function, etc. For example, software
code may be stored in a memory unit and executed by a
processor. The memory unit is located inside or outside the
processor and may transmit and receive data to and from the
processor via various known means.

Those skilled in the art will appreciate that the present
invention may be carried out in other specific ways than those
set forth herein without departing from the spirit and essential
characteristics of the present invention. The above embodi-
ments are therefore to be construed in all aspects as illustra-
tive and not restrictive. The scope of the invention should be
determined by the appended claims and their legal equiva-
lents, not by the above description, and all changes coming
within the meaning and equivalency range of the appended
claims are intended to be embraced therein.

INDUSTRIAL APPLICABILITY

The present invention is applicable to a UE, a BS, or
another device (e.g., relay) of a wireless communication sys-
tem. Specifically, the present invention is applicable to a
method and apparatus for transmitting control information.

The invention claimed is:

1. A method for transmitting control information by a user
equipment (UE) in a carrier aggregation (CA)-based wireless
communication system, the UE configured with a first cell set
to one of uplink-downlink (UL-DL) configurations #0 to #6
and a second cell set to another of UL-DL configurations #0
to #6, the method comprising:

receiving a downlink control information (DCI) having a

DL DCI format comprising a downlink assignment
index (DAI) field, for the second cell; and
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transmitting hybrid automatic repeat request (HARQ)-ac-
knowledgement (ACK) information related to the DCI,
wherein, for HARQ-ACK timing, if a reference UL-DL
configuration applied to the second cell is one of UL-DL
configurations #1 to #6, the DAI field is used in a pro-
cedure for transmitting the HARQ-ACK information,
wherein, for HARQ-ACK timing, if a reference UL-DL
configuration applied to the second cell is UL-DL con-
figuration #0, the DAI field is not used in a procedure for
transmitting the HARQ-ACK information, and
wherein subframe configurations according to the UL-DL
configurations #0 to #6 are given as shown in the fol-
lowing table:

UL-DL Subframe Number
Configuration 0 1 2 3 4 5 6 7 8 9
0 D S U U U D S U U U
1 D S U U D D S U U D
2 D S U D D D S U D D
3 D S U U U D D D D D
4 D S U U D D D D D D
5 D S U D D D D D D D
6 D S U U U D S U U D

where, D denotes a DL subframe, U denotes a UL sub-

frame, and S denotes a special subframe.

2. The method according to claim 1, wherein the first cell is
set to UL-DL configuration #0, and the second cell is set to
one of UL-DL configurations #1 to #6.

3. The method according to claim 2, wherein the first cell is
a primary cell (PCell), and the second cell is a secondary cell
(SCell).

4. The method according to claim 3, wherein the DL DCI
format further comprises a carrier indicator field (CIF).

5. The method according to claim 4, wherein the DL DCI
format comprises DCI format 1, 1A, 1B, 1C, 1D, 2, 2A, 2B,
2C, or 2D.

6. The method according to claim 1, wherein the HARQ-
ACK information comprises at least one of

acknowledgement information about a physical downlink

shared channel (PDSCH) signal indicated by the DCI, or
acknowledgement information about a physical downlink
control channel (PDCCH) signal comprising the DCI
and indicating semi-persistent scheduling (SPS) release.

7. A user equipment (UE) used in a carrier aggregation
(CA)-based wireless communication system, the UE config-
ured with a first cell set to one of uplink-downlink (UL-DL)
configurations #0 to #6 and a second cell set to another of
UL-DL configurations #0 to #6, the UE comprising:

a radio frequency (RF) unit; and

a processof,
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wherein the processor is configured to:

receive a downlink control information (DCI) format
comprising a downlink assignment index (DAI) field,
for the second cell; and

transmit hybrid automatic repeat request (HARQ)-ac-
knowledgement (ACK) information related to the
DCT,

wherein, for HARQ-ACK timing, if a reference UL-DL
configuration applied to the second cell is one of
UL-DL configurations #1 to #6, the DAI field is used
inaprocedure for transmitting the HARQ-ACK infor-
mation,

wherein, for HARQ-ACK timing, if a reference UL-DL
configuration applied to the second cell is UL-DL
configuration #0, the DAI field is not used in a proce-
dure for transmitting the HARQ-ACK information,
and

wherein subframe configurations according to the UL-
DL configurations are given as shown in the following
table:

UL-DL Subframe Number
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n OO0 wnunn
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where, D denotes a DL subframe, U denotes a UL sub-

frame, and S denotes a special subframe.

8. The UE according to claim 7, wherein the first cell is set
to UL-DL configuration #0, and the second cell is set to one of
UL-DL configurations #1 to #6.

9. The UE according to claim 8, wherein the first cell is a
primary cell (PCell), and the second cell is a secondary cell
(SCell).

10. The UE according to claim 9, wherein the DL DCI
format further comprises a carrier indicator field (CIF).

11. The UE according to claim 10, wherein the DL, DCI
format comprises DCI format 1, 1A, 1B, 1C, 1D, 2, 2A, 2B,
2C, or 2D.

12. The UE according to claim 7, wherein the HARQ-ACK
information comprises at least one of

acknowledgement information about a physical downlink

shared channel (PDSCH) signal indicated by the DCI, or
acknowledgement information about a physical downlink
control channel (PDCCH) signal comprising the DCI
and indicating semi-persistent scheduling (SPS) release.
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